WINDOW РАМЕ FAILURE TRAINING 


WINDOW ТУРЕ5 
PRESSURE РАМЕ - 
THERMAL PANE - 
REDUNDANT PANE- 


WINDOW CONFIGURATION 


WINDSHIELD - 
OVERHEAD - 
SIDE HATCH - 
REAR VIEW - 


(See diagram 1 and 2) 


Inboard, provides pressure seal composed of 
aluminosilicate. 

Outermost (except for rear windows) provides thermal 
protection. Composed of fused silica. 

Located between two other windows (except for rear 
window where it is outermost). Thicker than thermal 
pane. Also composed of fused silica. 


Pressure, redundant, thermal 
Same 
Same 
Pressure and redundant only 


- Spaces between panes are vented to the window cavity conditioning system 


(WCCS) 


(See diagram 3) 


FAILURE TYPES 


-Thermal pane failures due to ice or debris will probably occur during MAXQ 


phase (T = 40 to 60 sec) 


-Structural failure 


-Bird strikes on Entry 


-Space debris on orbit (should only pit surface) 


FAILURE RECOGNITION 
PRESSURE PANE - 


THERMAL PANE - 
REDUNDANT PANE - 


Glass shatters and propagates rapidly. Breaks into 
small pieces which will probably fall out and into the 
crew compartment. 

Glass should stay in place. Displays long parallel cracks 
fragmented around retainer frame. (See diagram 4) 
Same as thermal pane but much less likely since 
bounded by other panes. 


FLIGHT RULES/CREW ACTIONS 


PRESSURE PANE OR REDUNDANT PANE - Depress cabin to 10.2 


THERMAL PANE - 


SMS TRAINING 


CASES TO CONSIDER - 


Ascent - REV 3 Entry 
Orbit - enter next PLS 
Rationale - (See diagram 5 and 6) 


Prior to end of RTLS boundary - abort RTLS 

Otherwise - continue to EOM 

Rationale -RTLS abort should be taken prior to end of 
RTLS window to minimize the thermal environments 
on the remaining panes. Contingency, TAL, and AOA 
abort modes have worse reentry heating thermal 
environments than RTLS 


-Use window failure photographs as “Green Cards” 


-On orbit thermal pane failure (windshield) 
-On orbit thermal pane failure (overhead) 
-Rear window failures 

-On orbit pressure pane failures 
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DIAGRAM 5 


NASA - JOHNSON SPACE CENTER 


FLIGHT RULES 


CHANGE REQUEST 


Page 1 of _2— 


RULE МОМВЕК 
10-151 


INITIATED ВУ: ORG/ МАМЕ /РНОМЕ CONTROL NUMBER 


DF43/R. C. Poch/X30683 


DATE 
11/12/87 


FLIGHT EFFECTIVITY 
Next and subsequent 


OTHER AFFECTED FLIGHT RULES | DOCUMENT DaTE/ PCN BY АЦ rucuts 
O Annex 


[] Generic 


8 RuLE 
[4 RATIONALE 


SHORT DESCRIPTIVE TITLE OF CHANGE 
Orbiter Pressure Windowpane Failure (New Rule) 


10-151 Pressure ог Redundant Windowpane Failure 


If the crew detect 


a. On ascent, a Rey 3 entry will be performed. 
b. On orbit, enter next PLS. 


RATIONALE: 


е pressure ра ant pane їп a window would result in loss of 
crew and Orbiter. 


REASON FOR CHANGE: 


A new rule to cover pressure or redundant window pane failures to minimize risk of a 
subsequent failure was requested by the R&E window community. 


DOES THIS CHANGE MODIFY EXISTING APPROVED: 
CIL RETENTION RATIONALE? 


ws мог] 


DOES THIS CHANGE AFFECT CREW 
PROCEDURES? 
YES О] 


DOES THIS CHANGE MODIFY 
RATIONALE FOR A CONTROLLED 
HAZARD? 0 мр 


RECEIVED: DEC 15 1981 
INCORPORATED: 


SUBMITTING ORGANIZATION FRCB CHAIRMAN 


FRCB MEMBER 


DATE: 12 /\ ал 


DATE: * 
шп 


APPROVED: 


мо О 


LEAD FLIGHT DIRECTOR 
(ANNEX ONLY) 
DATE: 


ВЕ 


DIAGRAM © 


RATIONALE: (continued) 


Flight techniques discussions have resulted in the choice of a Rev З deorbit as the 
best choice to minimize exposure time to a single string window pane situation 
without the risks entailed in more rapid abort situations. A reduced cabin pressure 


is desired due to the time-at-stress nature of window pane failures. 


Crew and Flight Surgeon representatives at flight techniques have indicated that 
wearing LEH/PPS for the 4.5 hours of the Rev 3 is acceptable. The reason for 
wearing the LEH/PPS after a pressure pane failure is to reduce the possibility of 
crewman exposure to shattered pane particles. Crew representatives stated that 
the LEH/PPS must be worn for all entries; therefore using anti-contamination 
goggles and masks until donning the LEH/PPS is not desired for the Rev 3 case due to 
the possibility of contamination during the donning process. 


Reference Ascent Flight Techniques Panel Meeting #33 and 36 dated August 28 and 
October 15, 1987. 
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Figure 4.1.4-1.- Inner апа outer window cavity configuration 
Paragraph 4.1.4.4) 


4.1.4-21 


WINDOW PANE FAILURE TRAINING 


WINDOW TYPES 
THERMAL PANE - 


REDUNDANT PANE - 


PRESSURE PANE - 


WINDOW CONFIGURATION 


WINDSHIELD - 
OVERHEAD - 
SIDE HATCH- 


REAR VIEW - 


AIRLOCK HATCHES- 
(See diagram 1 and 2) 


Outermost (except for rear windows) provides 
thermal protection Thermal Pane is annealed so 
that no stresses exist in the Pane once installed. 


Located between two other windows (except for 
rear window where it is outermost). Thicker than 
thermal pane. Redundant Pane is also annealed. 


Inboard, provides pressure seal. Pressure Pane is 
tempered with a stress field (stored energy) inside 
the glass. 


Pressure, redundant, thermal 
Same 


Pressure ,redundant ,and thermal panes are all 
made of the same material and annealed. 


Pressure pane is tempered and redundant is 
annealed. 


These windows have 2 panes that are acrylic 


- Spaces between panes are vented through the window cavity conditioning 
system (WCCS) plumbing out through left and right vent door 2. 


(See diagram 3) 


During ascent, the WCCS allows the pressure 
between the panes to decrease from 14.7 psia to 
zero psia without exerting a force of 3 psia across 
the window pane's face. 


During entry, the WCCS allows the pressures 
between the panes to increase from zero psia to 
14.7 psia without exerting a force of 3 psia across 
the window pane’s face. 

Also, the desicant canisters within the WCCS 
plumbing removes the moisture from the air as it 
reenters into the spaces between the window 
panes. This action prevents fogging of the 
windows allowing the crew members to view the 
runway. 


FAILURE TYPES 


- Thermal pane failures during ascent: 

While the vehicle is on the launch pad, either ice from the E.T. cryo loading or 
wind blown debris may impact the thermal pane causing an initial scratch. As 
the orbiter flies through MAX О phase (T = 40 to 60 sec), the 3 psia pressure 
force causes further cracking of the window and pushes the pieces outward 
from the orbiter. (See diagram 4) 


- Structural failure: 

During the manufacturing process for the installation process of the thermal 
pane a scratch or flaw may be introduced to the glass. However, the windows 
are proof tested after installation and any such flaws that can cause the 
window to fail can be easily detected. 


- Bird strikes on Entry: 

There is a 6 in 10,000 times chance for 100 missions that a bird will penetrate 
all three panes This window penetration could occur at or below 10,000 feet 
altitude with a maximum velocity of 300 knots. If the bird only impacts the 
outside pane, the thermal pane can be cracked, broken or smeared with blood 
such that the crew cannot view the runway through that window. 


- Space debris on orbit: 
(should only pit surface) 


FAILURE RECOGNITION 


THERMAL PANE - Because of the annealing process, the glass could 
stay in place, displaying long parallel cracks 
fragmented around the retainer frame, 

(See diagram 5) or the pane will show large shards 
with pointed edges surrounding a gapping hole. 


REDUNDANT PANE - Same as thermal pane but much less likely since 
bounded by other panes. 


PRESSURE PANE - Because of the tempering process, glass breaks into 
small pieces with explosive force. Pieces of glass 
will be thrown into the crew compartment. Also, a 
cabin leak with a hole diameter of 0.218 inches will 
occur. Thisleak 15 small enough such that the 14.7 
psi regulators or the 8 psi regulators can easily 
replace the leaking gas and sustain a constant cabin 
pressure for hours. Also, this cabin press leak can 
be isolated with the putty from the IFM tool kit. 


FLIGHT RULES/CREW ACTIONS 
PRESSURE PANE OR REDUNDANT PANE - Depress cabin to 10.2 psi 
EMM REDUNDANT РАМЕ 


Ascent - REV 3 Entry 
Orbit - enter next PLS (See diagram 6 + 7) 


THERMAL PANE - If pieces of the window are decided to be missing 
by the crewmember prior to the end of RTLS 
boundary (T-0secto T + 4 min)------- Abort RTLS. 

If pieces of the window are decided not to be 
missing and the crewmember thinks he is viewing 
only long parallel cracks ------------ Continue to EOM. 
Rationale- RTLS abort should be taken prior to end 
of RTLS window to minimize the thermal 
environments on the remaining panes. 
Contingency, TAL, and AOA abort modes have 
worse reentry heating thermal environments than 
RTLS. 

If pieces of the thermal pane are missing, during an 
entry different from an RTLS trajectory, the thermal 
heating (1500 F) will penetrate the hole in the 
thermal pane and melt the aluminum frame that 
holds the redundant pane and the pressure pane 
together. This melting of the window frame will 
allow the cabin pressure to push both the 
redundant pane and the pressure pane outward 
from the orbiter resulting in an extremely large 
cabin leak (catastrophic decompression). 


SMS TRAINING 
- Use window failure photographs as "Green Cards" 
CASES TO CONSIDER - - On orbit thermal pane failure (windshield) 


- On orbit thermal pane failure (overhead), 
Research and Engineering will mathematically 
design a thermally benign entry trajectory. 

- Rear window pressure pane failures because of 
collision with IMAX camera while mounting the 
camera on the window, or collision with the orbiter 
TV CRT monitors because the mounting bracket 
comes loose during ascent vibrations. The CRT 
mounting brackets were glued in place during 

STS 6 + 7 and during lift off the bracket came lose. 
In the future, these brackets will be bolted to the 
wall. 

- On orbit, crew hatch viewport pressure pane 
cracking, after impact with either the EVA EMU 
battery latching pin or the EVA EMU LIOH cartridge 
latching pin, during Maintenance Recharge 
procedures, after an EVA. 

- Ascent pressure pane failure with isolatable cabin 
leak after MECO utilizing the IFM putty sealant. 
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DIAGRAM 5 


NASA - JOHNSON SPACE CENTER 


FLIGHT RULES 


СНАНСЕ REQUEST 


Page 1 of x И 


DATE 
11/12/87 


INITIATED BY: ORG /NAME /PHONE 


RULE NUMBER 
DF43/R. с. Росћ/Х 30683 


CONTROL NUMBER 
C 10-151 


FLIGHT EFFECTIVITY 


CP Au еџбнто 
Next and Subsequent 


ANNEX 
GENERIC 


С яле 
L} RATIONALE 


SHORT DESCRIPTIVE TITLE OF CHANGE 
Orbiter Pressure Windowpane Fai 


а. On ascent, a Rey 3 entry will be performed. 
On orbit, enter next PLS. 


RATIONALE: 


(windshields, Overhea | OWS, rear viewing windows or side hatch window). Loss 


of both the Pressure pane and the redundant pane In a window would result in loss of 
crew and Orbiter. 


REASON FOR CHANGE: 


А new rule to сомег pressure ог redundant window pane failuresto minimize risk of a 
subsequent failure was requested by the R&E window community, 


МЕРДОУЕО: 


“Ме. Q T). Де, 


SUBMITTING ORGANIZATION 
FRCB MEMBER 


14/87 
CONCURRENCE: 


DOES THis CHANGE MODIFY EXISTING 
Cit RETENTION RATIONALE? 


YES [J] мр 


OOES THIS CHANGE AFFECT CREW 
PROCEDURES? 


APPROVED: 


FRCB CHAIRMAN 


DATE: 


DATE: 1 


OOES THIS CHANGE MODIFY APPROVED: 


LEAD FLIGHT DIRECTOR 
(ANNEX ONLY) 
DATE: 


АА 


RECEIVED: DEC 15 1987 
INCORPORATED: 


мы ана‏ مەم د 


аа م‎ 


аба 


C 


DIAGRAM 7 


RATIONALE: (continued) 


Flight techniques discussions have resulted in the choice of a Rev 3 deorbit as the 

est choice to minimize exposure time to a single string window pane situation 
without the risks entailed in more rapid abort situations. A reduced cabin pressure 
is desired due to the time-at-stress nature of window pane failures. 


Crew and Flight Surgeon representatives at flight techniques have indicated that 
wearing LEH/PPS for the 4.5 hours of the Rev 3 is acceptable. The reason for 
wearing the LEH/PPS after a pressure pane failure is to reduce the possibility of 


goggles and masks until donning the LEH/PPS is not desired for the Rev 3 case due to 
the possibility of contamination during the donning process. 


Reference Ascent Flight Techniques Panel Meeting #33 and 36 dated August 28 and 
October 15, 1987. 
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